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The theater commander nervously pondered his options. The success of this
combined operation would depend heavily upon the weather. He needed accurate
predictions to execute several key parts of the operation, such as cloud cover and
low-level winds for airborne operations and favorable moon, tide, and sea states
for the amphibious portion. Deception played a significant part of this mission as
well; his forces needed to conduct diversionary bombing runs over another portion
of the littoral region to deceive the enemy into thinking this would be the main
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area of invasion. The weather in-theater had been marginal to unfavorable for
the last three days. The enemy, an industrialized nation, had a capable weather 
service, so if favorable weather were predicted by the friendly side, chances were
the enemy would know this too. One big advantage the friendly forces had was
the availability of additional weather observations over the ocean and land
areas to the west and north of the theater of operations. They could possibly
apply this “information superiority” by using the additional data to make a
more accurate forecast than that of the enemy. Finally, the forecasters predicted
a period of slightly improving, although still operationally marginal, conditions. 
Weighing the weather factors against the operational objectives and knowing
that the next favorable opportunity for this combined operation wouldn’t occur
for another two weeks, the theater commander made the decision to launch.

THIS EX AM PLE of weather ex ploi ta -
tion is nei ther hy po theti cal nor fu -
tur is tic—it oc curred over 50 years
ago. The thea ter com mander was

Gen Dwight D. Eis en hower, and the com -
bined op era tion was Over lord—the D- day in -
va sion of Europe in World War II. Ex ploit ing
the natu ral en vi ron ment in mili tary op era -
tions is noth ing new. Sun Tzu, the Chi nese
gen eral, said as much nearly twenty- five hun -
dred years ago: “Know your self, know your
en emy; your vic tory will never be en dan -
gered. Know the ground, know the weather;
your vic tory will then be to tal.”1

So what is new? For start ers, the ex plo sion
in both in for ma tion and tech nol ogy is be gin -
ning to af fect the way we think about war fare, 
es pe cially in air and space. Al though these
tech no logi cal changes are daunt ing enough,
we should con sider the si mul ta ne ous
changes in the po liti cal and mili tary “land -
scape” within the last five years (e.g., the
change from the mono lithic So viet threat to
mul ti po lar, ill- defined threats; re think ing tra -
di tional serv ice roles and mis sions; and the
emer gence of mili tary op era tions other than
war [MOOTW] as a rap idly grow ing mis sion
area). Un prece dented changes in tech nol ogy
and the world or der have brought new ques -
tions about time- honored prin ci ples of war
fight ing that have been de vel oped and bat tle
tested over so many years. Has the United

States be come so tech no logi cally so phis ti -
cated that it is “for get ting” some com mon -
sense prin ci ples of war fare? Will the in creas -
ing re li ance upon pre ci sion weap onry
com bine with re stric tive rules of en gage ment
(ROE) and a force strat egy based in the con ti -
nen tal United States (CONUS) to make us
more vul ner able to a po ten tial ad ver sary in -
stead of less vul ner able? Ac cord ing to a RAND 
study on the fu ture of war fare,

we expect opposition attacks on US air forces
because of the importance of these forces. An
opponent attempting to overcome US air power 
might do so by a campaign that focuses on
limiting the number of US aircraft in a theater
area, reducing the number of sorties that the
aircraft in theater can fly, and/or limiting the
effectiveness of sorties against targets. In turn,
the number of sorties can be limited by
damaging airfields, damaging national logistics
(for example, destroying POL [petroleum, oil,
and lubricants] distribution and refining
capabilities), or timing a conflict to correspond (to
the extent controllable) with bad weather.
(Emphasis added)2

This ar ti cle out lines a strat egy for de vel op -
ing new and in no va tive ways to ex ploit ter res -
trial and space weather in bat tle—a “weather
ex ploi ta tion doc trine.” A key part of the strat -
egy re quires build ing so phis ti cated weather-
 effects mod els and simu la tions and em ploy -
ing them to en hance the abil ity of air power
and space power to ex ploit the en vi ron ment
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at all mis sion lev els, from in di vid ual en gage -
ments to thea ter and cam paign plan ning and
exe cu tion. The ar ti cle briefly dis cusses how
weather ex ploi ta tion com ple ments the four-
 dimensionality of air power and space power
by add ing an other “di men sion” (in for ma -
tion) to the bat tle space. The dis cus sion con -
tin ues by out lin ing five pol icy ar eas that are
con verg ing to make the em ploy ment of air -
power and space power more chal leng -
ing—and more vul ner able to the natu ral en vi -
ron ment. The ar ti cle then de scribes weather
serv ices in their role as an in te gral part of
com mand and con trol (C2), fol lowed by a for -
mal defi ni tion of weather ex ploi ta tion. Fi -
nally, the ar ti cle ad dresses the mo ti va tion for
us ing mod el ing and simu la tion (M&S) as the
means for de vel op ing a weather ex ploi ta tion
ca pa bil ity and in te grat ing it into air power
and space power doc trine.

Background and Motivation
The USAF mis sion is “to de fend the United

States through con trol and ex ploi ta tion of
air and space.” Air Force Doc trine Docu ment
(AFDD) 1 de scribes the ad van tages of the air
and space me dia in terms of three- dimen sional 
ma neu ver.3 No one would ar gue against the
abil ity of air power and space power to capi -
tal ize upon the at mos pheric and space me dia
(e.g., space pow er’s abil ity to “see” the en tire
bat tle field or air pow er’s abil ity to pene trate
deeply into the ene my’s in te rior to mass over -
whelm ing fire power within a very short
time).

This ar ti cle pro poses that we ap ply the me -
dium of in for ma tion—in the form of
“weather in tel li gence”—to de velop bet ter
ways for air power and space power to ex ploit
the ver ti cal and time di men sions in com bat.
Al though air and space do not have solid ob -
sta cles such as moun tains and for ests, they do 
have “physi cal” ob sta cles, such as clouds,
fog, thun der storms, and iono spheric storms.
Land and sea forces have learned to take ad -
van tage of their en vi ron ments by turn ing
their “ob sta cles” into ex ploit able al lies (e.g.,
de sign ing forces to op er ate in “close ter rain”

and build ing sub ma rines to ex ploit the acous -
tic en vi ron ment of the deep oceans). The time 
has come for air power and space power to

fully ex ploit in for ma tion about at mos pheric
and space weather ob sta cles in the same ways
that land and sea forces do in their en vi -
ronments.4 One can il lus trate the rea sons for
look ing at such a strat egy by ex am in ing sev -
eral re cent pol icy trends that are put ting an
in creas ing strain on the abil ity of air power
and space power to ac com plish their mis -
sions.

Shrinking Force Structure and a CONUS-Based
Force

Com mand ers are less able to tol er ate
“weather aborts” and di ver sions from pri -
mary and sec on dary tar gets in a resource-
 constrained en vi ron ment. A key ca pa bil ity of
air power in a CONUS- based force struc ture is
its ca pac ity to proj ect power quickly and de ci -
sively into a thea ter. Air power pro jec tion can
range from a sin gle surgical- bombing mis sion 
to “send a mes sage” and a multiple- sortie raid
against a number of tar gets, to a large- scale
de ploy ment of per son nel and equip ment dur -
ing a de vel op ing ma jor re gional con tin gency
(MRC). Given a lack of for ward bas ing,
weather be comes a greater fac tor in lo gis tics
and long- duration mis sions with mul ti ple
aer ial re fu el ing. To day, as much as ever, ad -
verse weather could spell dis as ter for a 20-
 hour round- trip mis sion from CONUS to
some over seas lo ca tion; ex tended pe ri ods of
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If the United States is to rely
increasingly on space-based
assets for force enhancement
and information dominance, it
must remain aware of its own
vulnerabilities to the space
environment, as well as those
of its adversary. 



ad verse weather could se ri ously de lay criti cal
de ploy ment of heavy equip ment and troops
into thea ter.

Increasing Reliance on Precision-Guided
Munitions

The suc cess of PGMs in Op era tion De sert
Storm was both a bless ing and a curse. In the
next com bat op era tion, the ex pec ta tion for
PGM ac cu racy will be at least as great as that
in De sert Storm, if not greater.5 What if the
next con tin gency were in a much more com -
plex cli matic and topo graphic re gion, such as
Bos nia or Ko rea? Be cause of the great cost of 
PGMs (over $100,000 per copy), we can not
af  ford to waste these as sets  due to
weather-related rea sons; na val avia tion has
an even more se ri ous prob lem in that air craft
must ex pend ord nance be fore re turn ing to
the car rier. Given the enor mous costs of
PGMs and the ap pear ance of “bril liant”
weap ons on the tech nol ogy ho ri zon, it is more
im por tant than ever for environmental-
 technology de vel op ments to keep up with
airframe- technology de vel op ments such as
stealth.6

Space-Based Assets and the Solar-Disturbance
Maximum

De sert Storm was truly the first “space war.”
Over 90 per cent of in- theater, out- of- theater,
and into- theater com mu ni ca tions were
borne by mili tary and com mer cial sat el lites.7
In the next con tin gency, we will rely even
more heav ily on sat el lites for in tel li gence,
com mu ni ca tions, navi ga tion, and battle-
 space moni tor ing. Threats to these sys tems
come not only from ter res trial sources (e.g.,
sabo tage to re ceiv ing sta tions and launch fa -
cili ties and dam age from se vere weather) but
also from the space en vi ron ment it self. For
ex am ple, geo mag netic storms can in crease
sat el lite drag, caus ing or bital changes that af -
fect sen sor per form ance, sat el lite con trol,
and space- object track ing.8 If the United
States is to rely in creas ingly on space- based
as sets for force en hance ment and in for ma -
tion domi nance, it must re main aware of its

own vul ner abili ties to the space en vi ron -
ment, as well as those of its ad ver sary. This is
es pe cially true as we ap proach the next
sunspot- maximum pe riod, pro jected to oc cur 
be tween 1998 and 2002. Any ad van tage in the 
in for ma tion war gained from su pe rior ac cess
to space could quickly evapo rate if we lose
sat el lite ac cess due to dam age from elec tri cal
charg ing, or if we ex pe ri ence deg ra da tion of
com mu ni ca tions by upper- atmospheric dis -
tur bances.

Evolving Rules of Engagement

Two re cent pol icy trends re gard ing ROEs will
make the em ploy ment of air power more
com plex: (1) mini miz ing friendly casu al ties
and (2) mini miz ing col lat eral dam age. Al -
though the United States has al ways been sen -
si tive to the prob lem of friendly casu al ties, re -
cent trends to ward re duc ing frat ri cide and
un nec es sary en emy casu al ties (dis able ver sus
de stroy) will also tax air pow er’s abil ity to de -
liver weap ons in more ac cu rate and ef fec tive
ways. Sen si tiv ity over ex cess col lat eral dam -
age will re quire that air strikes be planned
more pre cisely and exe cuted with a much
higher de gree of ac cu racy than ever be fore.
Both of these trends and re stric tions, when
com bined with ad verse weather con di tions,
com pli cate air pow er’s abil ity to ac com plish
the mis sion. A case in point is Op era tion De -
lib er ate Force (NATO air strikes against Serb
mili tary tar gets in the fall of 1995), in which
the “zero tol er ance” pol icy on col lat eral dam -
age com bined with ad verse weather to limit
air pow er’s abil ity to strike tar gets ef fec tively.9

In this case, it was not the weather alone so
much as the weather com bined with re stric tive 
ROEs that caused the prob lem.

Military Operations other than War

An in creas ingly visi ble pro por tion of the US
mili tary’s op era tions tempo to day is dic tated
by MOOTWs. In con trast to MRCs, for which
much study and train ing have been done,
MOOTWs fre quently oc cur in cli mati cally
chal leng ing ar eas, usu ally with no in dige nous 
weather- observing net work. These op era -
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tions are of ten short- notice, with a greater po -
ten tial for weather to be come a “sin gle point
of fail ure” due to the un pre dict able na ture of
the mis sions them selves. To date, weather-
 service re quire ments in MOOTWs have been
driven largely by ground forces, which need
high- resolution, ac cu rate weather data. The
ever- present pos si bil ity of mis sion swing re -
quires rapid up dat ing of cur rent con di tions
and fore casts in or der to de velop re sponses to
a quickly chang ing op era tional en vi ron ment.

Weather in Conventional
Operations

It is use ful to view the col lec tion, analy sis,
and dis semi na tion of weather in for ma tion to

the war fighter as an in te gral part of C2. Four
steps oc cur in this pro cess (fig. 1).

His tori cally, the De part ment of De fense
(DOD) has made nearly all of its sci ence and
tech nol ogy (S&T) in vest ments in the “data
col lec tion” and “weather analy sis and fore -
cast ing” por tions of the at mos phere and
space en vi ron mental ar eas. For ex am ple, S&T
funds spent on weather sat el lites and tac ti cal
ob serv ing sys tems con trib ute to our abil ity to
col lect data, and a con sid er able amount of
fund ing has also been in vested to im prove
weather analy sis and fore cast ing. We should
not down play the im por tance of data col lec -
tion, analy sis, and fore cast ing in de liv er ing
qual ity en vi ron mental serv ices to the op era -
tor; how ever, the weak est area in terms of de -
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Translation of Weather Analysis and Forecasting Products

WEATHER ANALYSIS/FORECAST TAILORED WEATHER APPLICATION  OPERATOR DECISIONS

Cloud cover, visibility  Tactical decision aid  Target/weapon selection,
 battle damage assessment

Flight-hazard forecast
(turbulence, icing)

 Aerial-refueling forecast  Target route planning,
 air tasking order decisions

Ionospheric forecast  Maximum usable frequency
 Lowest usable frequency

 Availability of HF support
 (communications)

Precipitation accumulation  Trafficability forecast  Ground-forces maneuver,
 river crossings

KNOW AP PLY EX PLOIT

Table 1

Fig ure 1. Col lec tion, Analy sis, and Dis semi na tion of Weather In for ma tion (adapted from
Lt Col H. L. Mas sie Jr., Col D. C. Pear son, Maj K. S. Smith, and R. Szym ber, “Know ing the
Weather” [pa per pre sented at the Bat tlespace At mos pher ics Con fer ence, US Army Re -
search Lab, White Sands, New Mex ico, 1995])



vel op ment ef forts has re mained “tai lored
weather ap pli ca tions for op era tors.” We be -
lieve that mod els and simu la tions in cor po rat -
ing re al is tic en vi ron mental ef fects will have
the great est po ten tial im pact to the op era -
tions com mu nity in these tai lored ap pli ca -
tions and “op era tor de ci sions,” al though the
lat ter is really the bot tom line. In or der to un -
der stand why, we can il lus trate how a few
mili tary weather- analysis and fore cast ing
prod ucts can be trans lated to weather- effects
in for ma tion—and ul ti mately to weather im -
pacts on op era tions.

Weather analy ses and fore casts are trans -
lated to mission- tailored weather ap pli ca tion
prod ucts (ta ble 1). This serv ice is usu ally pro -
vided by a highly trained staff weather of fi cer
or non com mis sioned of fi cer (NCO). Trans la -
tion of the weather ap pli ca tion prod uct to an
op era tor de ci sion is the least un der stood link
in the pro cess. Sup pose that a de ci sion tool
were avail able to help joint force com po nent
com mand ers (air, land, or sea) ac count for
the ef fect of weather on their op era tions and
for un cer tain ties in the weather pre dic -
tion—or even help fac tor weather into the
strat egy. What if such a tool were avail able
dur ing cam paign plan ning in ad di tion to exe -
cu tion? It could be ei ther a stand- alone ca pa -
bil ity or part of a com pre hen sive op era tional
plan ning and exe cu tion sys tem, al low ing
weather ser- vice to be come more in te grated
into the in for ma tion op era tions of the joint
force com man der’s (JFC) team. With the ad -
vent of so phis ti cated, computer- based mod -
els and simu la tions, the tech nol ogy is now
avail able to de velop such tools to aid the
JFC’s staff in its plan ning and exe cu tion du -
ties, as well as to make these tools avail able
for mis sion plan ning and re hearsal.

Weather Exploitation Defined
At this point, one might logi cally ask what

weather ex ploi ta tion is. Con cisely put, weather 
ex ploi ta tion is the de lib er ate use of knowl -
edge about friendly and en emy op er at ing ca -
pa bili ties un der given natu ral en vi ron mental
con di tions to set the terms of bat tle, re sult ing

in op ti mal per form ance of the friendly force
and re duced ef fec tive ness of the en emy force.
Us ing this defi ni tion, one can ex am ine and
as sess three as pects of weather ex ploi ta tion.

The first, and most im por tant, is the
capabil ity of the mili tary force in terms of per -
son nel (ex pe ri ence and train ing), equip ment
(qual ity and quan tity), and doc trine (the cor -
rect way to em ploy the mili tary force to ac -
complish the mis sion). Taken as a whole, a na -
tion’s mili  tary ca pa bil  ity is largely
in de pend ent of the natu ral en vi ron ment.
How ever, in di vidual en gage ments, mis sions,
or even cam paigns can be sig nifi cantly af -
fected by the natu ral en vi ron ment. This idea
is em bod ied in the sec ond as pect to be con sid -
ered—the ef fect of rele vant10 ob served weather 
on the mili tary op era tion(s) (fa vor able, mar -
ginal, or un fa vor able). This area re quires the
most im prove ment in terms of learn ing the
vul ner abili ties of both sides and in cor po rat -
ing that in tel li gence into air and space cam -
paign strat egy. The third as pect of ex ploi ta -
tion is the ac cu racy of the pre dic tion of
rele vant ob served weather, which is par ticu -
larly im por tant in the plan ning phase, when
forces/weap ons mixes and strat egy de ci sions
such as tar get se lec tion and route of at tack are
de ter mined. Mod ern air and space forces can
im prove the ways they in cor po rate weather
pre dic tion into their plan ning cy cle, es pe -
cially with the ad vent of new and faster ways
to ac cess and visu al ize rele vant, real- time
weather in for ma tion.

One can de pict the three as pects of weather 
ex ploi ta tion for both friendly and en emy
forces in terms of eight com bi na tions of mili -
tary ca pa bil ity, ob served weather, and fore -
cast ac cu racy (fig. 2). The ideal goal of
weather ex ploi ta tion is for friendly forces to
have su pe rior ca pa bil ity, fa vor able weather
for op era tions, and ac cu rate fore casts, while
simulta- neously forc ing the en emy into a
situa tion of in fe rior ca pa bil ity, un fa vor able
weather for op era tions, and in ac cu rate fore -
casts. This does not trans late into at tack ing en -
emy tar gets only in “good” (un ob structed)
weather since, pre suma bly, the weather is
also fa vor able for the en emy to de fend. But
achiev ing the ideal ex ploi ta tion situa tion is
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Fig ure 2. As pects of Weather Ex ploi ta tion

Fig ure 3. Weather Ex ploi ta tion dur ing D Day



very dif fi cult. The goal of DOD weather serv -
ices should be to put friendly forces into
situa tions with fa vor able weather and ac cu -
rate fore casts (fig. 2, boxes 1 or 3), while
avoid ing situa tions with in ac cu rate fore casts
(boxes 5–8). Un fa vor able weather for op era -
tions (boxes 2 and 4) may be un avoid able un -
der cer tain op era tional cir cum stances, but at
least al ter na tive strate gies could be planned
and exe cuted, based on ac cu rate fore knowl -
edge of the up com ing weather con di tions in-
 theater.

One should not in fer that weather ef fects
and fore cast ac cu racy con sti tute two- thirds of 
the prob lem to be con sid ered by mili tary
planners. How ever, this is the cor rect per -
spective for the mili tary me te or olo gist who is
knowl edge able about data col lec tion, weather
analy sis, and fore cast ing, and is also an ex pert
on the ways in which the natu ral en vi ron ment
af fects mili tary op era tions in terms of weapon
sys tems, tac tics, and com bat op era tions.

One can use the ma trix in fig ure 2 to ex am -
ine the D- day in va sion (fig. 3). Al though the Al -
lies had su pe rior mili tary ca pa bil ity and a
highly ac cu rate weather fore cast for the in va -
sion, the ob served weather was very mar ginal
for the am phibi ous land ing. In ter est ingly,
the Ger mans ac tu ally had an ad van tage over
the Al lies in terms of ob served weather, since
it was more fa vor able for de fen sive than for
of fen sive op era tions—if they had only known
it! The pes si mis tic fore cast made by the Ger -
mans caused their forces to stand down, in -

creas ing the Al lies’ ad van tage along the mili -
tary ca pa bili ties axis (fig. 3).

Why Use Modeling and
Simulation?

Many of us have heard the fa mil iar ar gu -
ments (e.g., cost- effectiveness and sav ing
“wear and tear” on equip ment and the en vi -
ron ment by lim it ing live- fire test ing) used by
the serv ices and DOD agen cies to ad vo cate
M&S. There are three types of mod els and
simu la tions (fig. 4). Live simu la tions in volve
real op era tors and real equip ment (tra di -
tional); vir tual simu la tions in volve real op -
era tors with computer- generated equip ment;
and con struc tive simu la tions in volve syn -
thetic equip ment and op era tors.

An other im por tant point about mod els
and simu la tions is their myr iad uses, es pe -
cially in terms of ap pli ca tion to DOD mis sion
ar eas (fig. 5). In deed, simu la tion is be com ing
more in grained into the way DOD does busi -
ness. For ex am ple, “computer- generated”
forces such as those be ing de vel oped by the
De fense Ad vanced Re search Pro jects Agen cy’s 
Syn thetic Thea ter of War pro gram, com plete
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Fig ure 5. Mod el ing and Simu la tion
Mission- Application Ar eas

Fig ure 4. Types of DOD Mod els and Simu -
la tions



with doc tri nally cor rect be hav iors, will soon
be avail able to de velop, test, and evalu ate
strate gies and tac tics in ways never be fore
pos si ble. This ca pa bil ity would al low simu la -
tion of an am phibi ous as sault us ing dif fer ent
tac tics,  force- mix struc tures,  troop-
 experience lev els, and en vi ron mental con di -
tions be fore ac tu ally exe cut ing it in live train -
ing. More im por tantly, it would also al low
mis sion plan ning and re hearsal dur ing the
criti cal weeks and days be fore the ac tual op -
era tion takes place.

Exploiting Weather Using
Modeling and Simulation:

Our Plan of Attack
In te grat ing air and space weather and its

ef fects into mod els and simu la tions (fig. 6) is
based on the modeling- and- simulation pyra -
mid con cept, build ing from the high est level
of fi del ity (most de tailed: sys tem level) to the
low est (most ag gre gated: cam paign level).

Understanding Environmental Effects on Systems

Most at mos pheric and space environmental-
 representation mod els pro duce analy ses and
fore casts of the ba sic me te oro logi cal or space
en vi ron mental fields (e.g., wind, tem pera -
ture, mois ture, and den sity) and can not by
them selves pro duce en vi ron mental ef fects.
The ba sic phys ics mod els must be adapted for
M&S ap pli ca tions, such as build ing a weather
sce nario based on the lo cal cli ma tol ogy of a
po ten tial “hot spot” for use in simu la tion of a
sen sor that is un der de vel op ment. At this step, 
we will  also build so phis ti  cated
environmental- effects mod els that will be
“hooked into” system- level simu la tions.
These simu la tions will be used to de velop a
knowl edge base about system- component
weather sen si tivi ties (e.g., ef fects of ceil ing,
visi bil ity, and ob scur ants on PGM lock- on
range; and ef fects of Van Al len ra dia tion belts
on a sat el lite’s shield ing ca pa bili ties).

Simulating Environmental Effects on Engage-
ments
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Fig ure 6. In te grat ing Weather into Mod els and Simu la tions



At this step, we in te grate the natu ral en vi ron -
ment into simu la tions such as the Joint Mod -
el ing and Simu la tion Sys tem (JMASS) for
simu lat ing the en vi ron mental ef fects on in di -
vid ual en gage ments (e.g., the ef fects of ceil -
ing, visi bil ity, and ob scur ants on PGM lock-
 on range for an F-22 mis sion that en gages ar -
mor). The simu la tions would be used to un -

der stand weather sen si tivi ties in an en gage -
ment sce nario and de velop ex ploi ta tion
strate gies. When we know what these ex ploit -
able weather situa tions are, we will di rect our
re search into im prov ing our abili ties to ob -
serve, ana lyze, and pre dict them.

Developing and Testing Environmental Exploi-
tation Tactics in Mission Planning and Rehearsal
Simulations

When we be gin to un der stand weather’s ef -
fects on the per form ance of in di vid ual weap -
ons, air craft, and sat el lites, we will use this in -
for ma tion to simu late en vi ron mental ef fects
that can oc cur when the sys tems are op er at -
ing to gether in- theater, as in a mis sion re -
hearsal for a sur gi cal strike. The re sults of
these stud ies will al low the cu mu la tive re sults 
of en vi ron mental ef fects to be ag gre gated
into en vi ron mental “im pacts” on theater-
 level op era tions. These stud ies will yield valu -
able in for ma tion about us ing weather as a
force mul ti plier to en hance the four-
 dimensionality of air power and space power.

Exploiting the Natural Environment in Campaign 
Planning and Execution

By this stage, many stud ies of en vi ron mental
ef fects on in di vid ual sys tems, one- on- one en -
gage ments, and mis sion plan ning and re -
hearsal will have been com pleted. At this step, 
we be gin build ing these ag gre gated en vi ron -
mental im pacts into campaign- level mod els
such as the Joint War fare Sys tem (JWARS) and 
the mod els of the Joint Simu la tion Sys tem
(JSIMS). Here, the syn ergy be tween vari ous
fac tors (e.g., ROEs and po liti cal fac tors) can
be mod eled so that the ef fects of weather do
not op er ate in iso la tion from other fac tors in
the simu la tion. The re sult ing simu la tions can
be used to ad dress such is sues as how our
theo ries of weather ex ploi ta tion af fect the
plan ning and exe cu tion of the air cam paign.

Applying “Weather Intelligence” during the Early
Stages of a Major Regional Contingency

A JFC op er at ing in an aus tere en vi ron ment in
the early stages of a de vel op ing MRC may
have lim ited as sets in- theater and a less than
fully de vel oped in fra struc ture. Tar get se lec -
tion will be in flu enced sig nifi cantly by the
thea ter mis sion ob jec tives and the ac tions of
the en emy. With lim ited re sources, the JFC
wants to adopt a con ser va tive strat egy to buy
time un til more as sets ar rive in- theater. One
of the ways the JFC im ple ments the strat egy is
by ask ing the weather staff to take a con ser va -
tive ap proach to weather pre dic tion (i.e., to
err on the pes si mis tic side). Pre vi ous cam -
paign plan ning simu la tions had re vealed the
ef fects of such an over all cau tious ap proach
to the cam paign strat egy, us ing meas ures of
ef fec tive ness such as “missed tar get op por tu -
ni ties.” These same simu la tions also used
real- time weather as in puts into their de ploy -
ment mod ules, so weather’s ef fects on the de -
ploy ment sched ule are also known to the JFC
staff. These ef fects are fac tored in with other
con sid era tions, such as move ment of en emy
ar mor. Sub se quent ad just ments are made,
based on new mission- planning simu la tions
us ing this strat egy. Eve ry one is in volved—the
staff weather of fi cer, in tel staff, tar get eers, lo -
gis ti cians, op era tors, and so forth.
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DOD weather services must identify, 
analyze, and predict weather

regimes that are exploitable by US
airpower and space power.



Conclusions and
Recommendations

The above sce nario lies well into the fu -
ture. Mak ing it hap pen will re quire con sid er -
able “front load ing” to build the mod els and
do the stud ies in or der to get the re turn on in -
vest ment. Even so, we can not rely to tally on
com puter mod els and simu la tions to get us
where we want to go; live op era tions will be a
key com po nent of this strat egy. Is ex ploi ta -
tion fea si ble, given the out line pre sented
here? The re cent ap point ment by the un der -
sec re tary of de fense for ac qui si tion and tech -
nol ogy of three M&S ex ecu tive agents for the
natu ral en vi ron ment (ter rain, oceans, and air
and space) is a step in the right di rec tion.11

These ex ecu tive agents can pro vide the nec es -
sary lead er ship to the teams of sci en tists, ana -
lysts, and op era tors for in cor po rat ing the ef -
fects of the natu ral en vi ron ment into the next 
gen era tion of mod els and simu la tions. None
of the above groups alone has the en tire pic -
ture, but to gether they can ac com plish a great 
deal. Op era tors have a spe cial role to play, in
that they can pro vide ad vo cacy and feed back
to de vel op ers of mod els and simu la tions used 
for train ing, op era tions, ac qui si tion, and
analy sis.

Re cently pub lished Air Force ex ecu tive
guid ance states the need for US air power to
ex ploit an ad ver sary’s in abil ity to op er ate in
ad verse weather, as well as a re quire ment for
in cor po rat ing at mos pheric ef fects into mod -
els and simu la tions.12 De vel op ing proper
strate gies for ex ploi ta tion will be a team ef -
fort and will re quire some fun da men tal
changes to weapon- system de vel op ment
poli cies and our ap proach to at mos pheric re -
search and de vel op ment. The fol low ing rec -
om men da tions lay the ground work to be gin
this pro- cess:

Test and evalu ate Air Force sys tems in as
many types of ad verse en vi ron mental con di tions
as pos si ble. If US air and space forces are to ex -
ploit weather, we must first know what types
of weather phe nom ena are “ex ploit able.”
Test ing un der ideal en vi ron mental con di -
tions does not al low meas ure ment and analy -

sis of this sen si tiv ity, and cost and safety con -
sid era tions l imit the amount of
adverse- weather test ing that can be done on

new weapon sys tems. There fore, we should
use simu la tions with so phis ti cated weather-
 effects rep re sen ta tion for much of the
adverse- weather test ing.

Em pha size analy sis of weather ef fects and
weather pre dic tion on mili tary op era tions. There 
is lit tle quan ti ta tive data on the ef fects of
weather and fore cast ac cu racy on mili tary op -
era tions.13 Since any doc trine is based on
“tried and true” strat egy and tac tics tested live 
in the field, we need much data col lec tion and 
analy sis be fore we can in cor po rate weather
ex ploi ta tion into Air Force doc trine. In to -
day’s shrink ing force, with all its ex pec ta tions 
and limi ta tions, the op por tu ni ties for col lect -
ing nec es sary data and de vel op ing ex ploi ta -
tion strate gies are ex tremely lim ited. The
only hope for col lect ing enough data, as well
as de vel op ing and test ing the re sult ing strate -
gies and tac tics, lies in a com bi na tion of live,
vir tual, and con struc tive simu la tions. Once
col lected and ana lyzed, this in for ma tion can
be placed in a lo ca tion such as the M&S Re -
source Re posi tory, where (with proper se cu -
rity) it can be made ac ces si ble for re use and
new ap pli ca tions.

Iden tify, ana lyze, and pre dict weather re gimes 
that are ex ploit able by US air power and space
power. The best chances for ex ploit ing ad verse 
weather will be in those situa tions in which
US forces have su pe rior tac tics, train ing, and
sen sor/weap ons tech nol ogy. These “ex ploit -
able” situa tions will likely oc cur when atmo-
 spheric con di tions are on the verge of be com -

62  AIRPOWER JOURNAL  SUMMER 1998

Just as US forces now exploit the
night, so will they be able to fight
smarter and more efficiently by
exploiting the weather—and the
resulting savings in human life and
materiel will be immeasurable.



ing “weather- restricted” and when the at mos -
phere likely does not fit well- known, con cep -
tual (men tal) mod els of weather sys tems.
Much of to day’s aca demic and labo ra tory re -
search in me te or ol ogy fo cuses on “ex treme,”
non ex ploit able events (e.g., “Storm of the
Cen tury”—March 1993 US East Coast storm)
that con form to well- researched con cep tual
mod els of the at mos phere. We ad vo cate
fund ing re search ef forts aimed at de vel op ing
ca pa bili ties to iden tify, ana lyze, and fore cast
those en vi ron mental con di tions that are ex -
ploit able by US air power.

With strong ad vo cacy from sen ior lead ers
in the Air Force and the Of fice of the Sec re tary 
of De fense and with tech ni cal di rec tion from
the ex ecu tive agents, it is pos si ble to build a
fu ture air and space doc trine that will speak of 
ex ploi ta tion in the ver ti cal, time, and in for -
ma tion “di men sions.” This ef fort can serve as
a build ing block for un sur passed C2 and
information- operations ca pa bili ties into the
twenty- first cen tury. Just as US forces now ex -
ploit the night, so will they be able to fight
smarter and more ef fi ciently by ex ploit ing
the weather—and the re sult ing sav ings in hu -
an life and ma te riel will be im meas ur able. 
 

Notes

1. Sun Tzu, The Art of War, ed. James Clavell (New York:
Delacorte Press, 1983), 20. The actual quote is, “If you know
Heaven and know Earth, you may make your victory complete.”
In this context, “Heaven” refers to “night and day, cold and heat,
times and seasons,” and “Earth” refers to “distances . . . danger
and security; open ground and narrow passes; the chances of life
and death” (page 7).

2. Bruce Bennett, “Initial Observations on the Future of
War,” in JICM 1.0 Summary  (Santa Monica, Calif.: RAND, 1994),
23–27.

3. AFDD 1, “Air Force Basic Doctrine,” September 1997,
21–22.

4. The Army, for example, has made a commitment to
“owning the weather” as part of its battlefield-support vision
for Force XXI. See Mary Ann Seagraves and Richard J. Szymber,
“Weather: A Force Multiplier,” Military Review, November–
December 1995, 69–76.

5. See, for example, Gene Myers’s remarks in “A
Commentary: Interservice Rivalry and Air Force Doctrine:
Promise, Not Apology,” Airpower Journal 10, no. 2 (Summer
1996): 63. He describes one view of airpower as the source of
“‘immaculate interdiction’—a quick way to punish offenders
while not risking many American lives or exposing the resultant
blood and destruction to much media scrutiny” (page 63).

6. Lt Col Edward Mann, “One Target, One Bomb: Is the
Principle of Mass Dead?” Airpower Journal 7, no. 1 (Spring 1993):
36.

7. Comdr Dale R. Hamon and Lt Col Walter G. Green III,
“Space and Power Projection,” Military Review 74, no. 11
(November 1994): 64.

8. AFW 96-01, Air Force Weather Impact on Operations, 1996,
2-1.

9. Air Force News Service, “Collateral Damage Edict
Challenges Pilots,” 8 September 1995.

10. In this context, “relevant” weather is defined as those
environmental parameters pertinent to military operations. For
example, soil trafficability is pertinent to ground troops, cloud
ceilings and line-of-sight visibility are pertinent to tactical air,
and frontal positions and vertical motion are pertinent to the
forecaster.

11. “Department of Defense Appoints Executive Agents for
Modeling and Simulation of the Natural Environment,” Bulletin
of the American Meteorological Society, August 1996, 1890.

12. United States Air Force, Air Force Executive Guidance
(Washington, D.C.: Department of the Air Force, January 1996),
14–15, 20–21, 25–26.

13. AFW 96-01, 2-2, 2-16, 8-1.

INTEGRATING WEATHER EXPLOITATION  63


